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Fig.6
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IDLING STOP CONTROL DEVICE, VEHICLE
AND VEHICLE CONTROL METHOD

TECHNICAL FIELD

The present invention relates to an idle reduction control
device mounted on a vehicle equipped with an engine and a
brake, a vehicle equipped with an engine and a brake and a
vehicle control method of controlling a vehicle equipped with
an engine and a brake.

BACKGROUND ART

In the prior art, idle reduction has been known to stop an
engine during a stop of a vehicle, such as an automobile, and
restart the engine at the time of starting the vehicle, in order to
reduce fuel consumption and gas emission during the stop of
the vehicle. Itis preferable to perform idle reduction when the
automobile stops for a relatively long time, for example,
when the automobile stops at a traffic light. Idle reduction in
the case of a short stop time, for example, during a traffic jam
causes a problem that a stop and a restart of the engine are
repeated frequently. In order to solve this problem, a variety
of techniques have been known to predict, when an automo-
bile stops, whether the stop time is long or short, based on, for
example, application of brake, the accelerator position and
the gearshift lever position of the automobile.

For example, Patent Literature 1 discloses a technique that
identifies the type of the driver’s vehicle stopping operation,
such as application of foot brake, application of parking brake
or gear shifting, and determines an expected vehicle stop
time, which is specified in advance corresponding to the type
of the vehicle stopping operation. Patent Literature 2 dis-
closes a technique that performs idle reduction when the
vehicle speed decreases to or below an idle reduction-permit-
ting vehicle speed and when the braking amount becomes
equal to or greater than a stop decision threshold value.

CITATION LIST
Patent Literatures

PTL 1: JP 2008-238988A
PTL 2: JP 2011-202645A
PTL 3: JP 2000-120464A
PTL 4: JP 2004-084634A

SUMMARY OF INVENTION
Technical Problem

It is, however, not easy to predict whether the vehicle stop
time is long or short, based on the type of the driver’s vehicle
stopping operation, for example, application of foot brake,
application of parking brake or gear shifting as described in
the above prior art. Similarly, it is also not easy to predict
whether the vehicle stop time is longer or shorter, based on
comparisons of the vehicle speed and the braking amount
with respective threshold values. There is accordingly still a
room for improvement with regard to the technology of idle
reduction.

In order to solve the above problems, an object of the
invention is to arrange the details of idle reduction control in
avehicle having an idle reduction function for the purpose of
further improving the fuel consumption of the vehicle.
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Solution to Problem

In order to solve at least part of the problems described
above, the invention is implemented by the following aspects
or embodiments.

Aspect 1

There is provided an idle reduction control device mounted
on avehicle equipped with an engine and a brake, comprising:
a detector that detects a parameter having a positive correla-
tion to an amount of brake operation; and an engine controller
that controls a start and a stop of the engine, wherein the
engine controller stops the engine after a stop of the vehicle,
when a change of the parameter caused by a release of the
brake is equal to or greater than a predetermined value during
a deceleration period before the stop of the vehicle.

When the change in parameter caused by a brake force-
reducing operation is equal to or greater than the predeter-
mined value during the deceleration period before the stop of
the vehicle, this configuration immediately stops the engine
after the stop of the vehicle, thus improving the fuel consump-
tion of the vehicle.

Aspect 2

There is provided the idle reduction control device
described in Aspect 1, wherein the engine controller prohibits
the engine from being stopped after the stop of the vehicle,
when the change of the parameter is less than the predeter-
mined value during the deceleration period.

When the change in parameter during the deceleration
period is less than the predetermined value, this configuration
makes the engine idle after the stop of the vehicle, thus
improving the fuel consumption of the vehicle.

Aspect 3

There is provided the idle reduction control device
described in Aspect 2, wherein the engine controller prohibits
the engine from being stopped after the stop ofthe vehicle and
eliminates the prohibition after elapse of a predetermined
time, when the change of the parameter is less than the pre-
determined value during the deceleration period.

When the change in parameter during the deceleration
period is less than the predetermined value, this configuration
makes the engine idle after the stop of the vehicle and stops
the engine after elapse of the predetermined time, thus
improving the fuel consumption of the vehicle.

Aspect 4

There is provided the idle reduction control device
described in any of Aspects 1 to 3, wherein the parameter is a
brake hydraulic pressure, and the engine controller stops the
engine after the stop of the vehicle, when a reduction of the
brake hydraulic pressure caused by the release of the brake is
equal to or greater than a predetermined value, during the
deceleration period.

When the reduction of the brake hydraulic pressure caused
by the brake force-reducing operation is equal to or greater
than the predetermined value during the deceleration period,
this configuration immediately stops the engine after the stop
of the vehicle, thus improving the fuel consumption of the
vehicle.

Aspect 5

There is provided the idle reduction control device
described in Aspect 4, wherein the engine controller stops the
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engine after the stop of the vehicle, when a difference
between a brake hydraulic pressure detected by the detector
and a maximum value of brake hydraulic pressures detected
prior to the detected brake hydraulic pressure during the
deceleration period is equal to or greater than a predetermined
value.

This configuration readily calculates the reduction of the
brake hydraulic pressure caused by the brake force-reducing
operation by the difference between the brake hydraulic pres-
sure detected by the detector and the maximum value of brake
hydraulic pressures detected prior to the detected brake
hydraulic pressure during the deceleration period.

Aspect 6

There is provided an idle reduction control device mounted
on avehicle equipped with an engine and a brake, comprising:
a detector that detects a parameter having a positive correla-
tion to an amount of brake operation; and an engine controller
that controls a start and a stop of the engine, wherein the
engine controller stops the engine after a stop of the vehicle,
when a maximum value of the parameter caused by the brake
operation is equal to or less than a predetermined value,
during a deceleration period before the stop of the vehicle.

When the maximum value of the parameter increased by
the brake operation is equal to or less than the predetermined
value during the deceleration period before the stop of the
vehicle, this configuration immediately stops the engine after
the stop of the vehicle, thus improving the fuel consumption
of the vehicle.

Aspect 7

There is provided the idle reduction control device
described in Aspect 6, wherein the engine controller prohibits
the engine from being stopped after the stop of the vehicle,
when the maximum value of the parameter is greater than the
predetermined value during the deceleration period, and the
engine controller stops the engine before elapse of the delay
time since the stop of the vehicle, when the maximum value of
the parameter is equal to or less than the predetermined value.

When the maximum value of the parameter during the
deceleration period is greater than the predetermined value,
this configuration makes the engine idle after the stop of the
vehicle, thus improving the fuel consumption of the vehicle.

Aspect 8

There is provided the idle reduction control device
described in Aspect 7, wherein the engine controller prohibits
the engine from being stopped after the stop ofthe vehicle and
eliminates the prohibition after elapse of a predetermined
time, when the maximum value of the parameter is greater
than the predetermined value during the deceleration period.

When the maximum value of the parameter during the
deceleration period is greater than the predetermined value,
this configuration makes the engine idle after the stop of the
vehicle and stops the engine after elapse of the predetermined
time, thus improving the fuel consumption of the vehicle.

Aspect 9

There is provided the idle reduction control device accord-
ing to any of Aspects 6 to 8, wherein the parameter is a brake
hydraulic pressure, and the engine controller stops the engine
after the stop of the vehicle, when a maximum value of the
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brake hydraulic pressure caused by the brake operation is
equal to or less than a predetermined value, during the decel-
eration period.

When the maximum value of the brake hydraulic pressure
increased by the brake operation is equal to or less than the
predetermined value during the deceleration period, this con-
figuration immediately stops the engine after the stop of the
vehicle, thus improving the fuel consumption of the vehicle.

Aspect 10

There is provided an idle reduction control device mounted
on avehicle equipped with an engine and a brake, comprising:
a detector that detects a parameter having a positive correla-
tion to an amount of brake operation: and an engine controller
that controls a start and a stop of the engine, wherein the
engine controller stops the engine after a stop of the vehicle,
when a maximum value of the parameter caused by the brake
operation is equal to or less than a predetermined value in a
state where a vehicle speed of the vehicle decreases below a
specified value, during a deceleration period before the stop
of the vehicle.

When the maximum value of the parameter increased by
the brake operation is equal to or less than the predetermined
value in the state where the vehicle speed of the vehicle
decreases below the specified value, this configuration imme-
diately stops the engine after the stop of the vehicle, thus
improving the fuel consumption of the vehicle.

Aspect 11

There is provided the idle reduction control device
described in Aspect 10, wherein the engine controller prohib-
its the engine from being stopped after the stop of the vehicle,
when the maximum value of the parameter is greater than the
predetermined value in the state where the vehicle speed of
the vehicle decreases below the specified value, during the
deceleration period.

When the vehicle speed of the vehicle is higher than the
specified value during the deceleration period, this configu-
ration makes the engine idle after the stop of the vehicle, thus
improving the fuel consumption of the vehicle.

Aspect 12

There is provided the idle reduction control device
described in Aspect 11, wherein the engine controller prohib-
its the engine from being stopped after the stop of the vehicle
and eliminate the prohibition after elapse of a predetermined
time, when the maximum value of the parameter is greater
than the predetermined value in the state where the vehicle
speed of the vehicle decreases below the specified value dur-
ing the deceleration period.

When the vehicle speed of the vehicle is higher than the
specified value during the deceleration period, this configu-
ration makes the engine idle after the stop of the vehicle and
stops the engine after elapse of the predetermined time, thus
improving the fuel consumption of the vehicle.

Aspect 13

There is provided the idle reduction control device
described in any of Aspects 10to 12, wherein the parameter is
a brake hydraulic pressure, and the engine controller stops the
engine after the stop of the vehicle, when a maximum value of
the brake hydraulic pressure caused by the brake operation is
equal to or less than a predetermined value in the state where
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the vehicle speed of the vehicle decreases below the specified
value, during the deceleration period.

When the maximum value of the brake hydraulic pressure
is equal to or less than the predetermined value in the state
where the vehicle speed of the vehicle decreases below the
specified value during the deceleration period, this configu-
ration immediately stops the engine after the stop of the
vehicle, thus improving the fuel consumption of the vehicle.

Aspect 14

There is provided a vehicle equipped with an engine and a
brake, comprising: a detector that detects a parameter having
apositive correlation to an amount of brake operation; and an
engine controller that controls a start and a stop of the engine,
wherein the engine controller stops the engine after a stop of
the vehicle, when a change of the parameter caused by a
release ofthe brake is equal to or greater than a predetermined
value during a deceleration period before the stop of the
vehicle.

When the change in parameter caused by a brake force-
reducing operation is equal to or greater than the predeter-
mined value during the deceleration period before the stop of
the vehicle, the vehicle of this configuration immediately
stops the engine after the vehicle stop, thus improving the fuel
consumption.

Aspect 15

There is provided a vehicle control method of controlling a
vehicle equipped with an engine and a brake, comprising: (a)
detecting a parameter having a positive correlation to an
amount of brake operation; and (b) stopping the engine after
a stop of the vehicle, when a change of the parameter caused
by a release of the brake is equal to or greater than a prede-
termined value, during a deceleration period before the stop
of the vehicle.

When the change in parameter caused by a brake force-
reducing operation is equal to or greater than the predeter-
mined value during the deceleration period before the stop of
the vehicle, the method of this configuration controls the
vehicle to immediately stop the engine after the vehicle stop,
thus improving the fuel consumption of the vehicle.

The invention may be implemented by a variety of aspects:
for example, a control system and an automobile including
the idle reduction control device described above, a manufac-
turing method and a manufacturing apparatus of the idle
reduction control device, a computer program that causes the
computer to implement the functions corresponding to the
respective steps of the vehicle control method, a storage
medium in which such a computer program is stored.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is a diagram illustrating the general configuration of
an automobile according to a first embodiment;

FIG. 2 is a diagram illustrating the details of idle reduction
control;

FIG. 3 is a flowchart illustrating a flow of idle reduction
control;

FIG. 4 is a flowchart illustrating the flow of idle reduction
control;

FIG. 5 is a diagram illustrating the details of idle reduction
control according to a second embodiment;

FIG. 6 is a flowchart illustrating a flow of idle reduction
control according to the second embodiment;
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FIG. 7 is a flowchart illustrating the flow of idle reduction
control according to the second embodiment;

FIG. 8 is a diagram illustrating the details of idle reduction
control according to a third embodiment;

FIG. 9 is a flowchart illustrating a flow of idle reduction
control according to the third embodiment;

FIG. 10is a flowchart illustrating the flow of idle reduction
control according to the third embodiment;

FIG. 11 is a diagram illustrating the general configuration
of an automobile according to a fourth embodiment;

FIG. 12 is a diagram illustrating the details of idle reduc-
tion control according to the fourth embodiment;

FIG. 13 is a flowchart illustrating a flow of idle reduction
control according to the fourth embodiment; and

FIG. 14 is a flowchart illustrating the flow of idle reduction
control according to the fourth embodiment.

DESCRIPTION OF EMBODIMENTS
A. First Embodiment

FIG. 1is a diagram illustrating the general configuration of
an automobile according to a first embodiment. The automo-
bile 10 is a vehicle having idle reduction function. The auto-
mobile 10 includes an engine 100, an automatic transmission
150, a differential gear 200, drive wheels 250, a starter 300, an
alternator 350, a battery 400 and an electronic control unit
(ECU) 500.

The engine 100 is an internal combustion engine that gen-
erates power by combustion of a fuel such as gasoline or light
oil. The power of the engine 100 is transmitted to the auto-
matic transmission 150, while being transmitted to the alter-
nator 350 via a drive mechanism 340. The output of the engine
100 is changed according to the amount of the driver’s accel-
erator pedal operation by the electronic control unit 500.

The automatic transmission 150 automatically changes the
gear ratio (so-called gear shifting). The power (rotation
speed-torque) of the engine 100 is subjected to gear shifting
by the automatic transmission 150 and is transmitted as a
desired rotation speed-torque via the differential gear 200 to
the left and right drive wheels 250. The power of the engine
100 is accordingly changed according to the amount of accel-
erator pedal operation and is transmitted via the automatic
transmission 150 to the drive wheels 250 to accelerate or
decelerate the vehicle (automobile 10).

The starter 300 is a self starter to start the engine 100 with
electric power supplied from the battery 400. In general,
when the driver operates a non-illustrated ignition switch to
start driving an automobile at a stop, the starter 300 is acti-
vated to start the engine 100. This starter 300 may be used to
restart the engine 100 in the no idling state. The no idling state
denotes the state where the engine 100 is stopped by idle
reduction control described later.

The alternator 350 uses part of the power of the engine 100
to generate electric power. The generated electric power is
used to charge the battery 400 via a non-illustrated inverter.
This alternator 350 may be used to restart the engine 100 in
the no idling state. The drive mechanism 340 is provided as a
mechanical section to transmit the power of the engine 100 to
the alternator 350, and a belt drive is employed herein as the
drive mechanism 340. The battery 400 is a lead acid battery
serving as a DC power source for a voltage of 14 V and
supplies electric power to auxiliary machinery 450. The auto-
mobile 10 has lamps and lights, windshield wipers and an air
conditioner (A/C) as the auxiliary machinery 450.

The electronic control unit 500 is configured to include an
idle reduction ECU 510, an engine ECU 520 and a transmis-
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sion ECU 530. Each of the ECUs 510, 520 and 530 is imple-
mented by a computer including a CPU, a ROM and a RAM.
The electronic control unit 500 may optionally include ECUs
other than those described above, for example, an auxiliary
machinery drive motor ECU to drive the auxiliary machinery
450 during stop of the engine 100. The respective ECUs 510,
520 and 530 receive supplies of electric power from the
battery 400. The electronic control unit 500 corresponds to
the “idle reduction control device” in the claims.

The idle reduction ECU 510 performs idle reduction con-
trol. The idle reduction control is performed to stop or restart
the engine upon satisfaction of predetermined conditions.
The specific details of the idle reduction control will be
described later with reference to FIGS. 2 to 4. The idle reduc-
tion ECU 510 is connected with the engine ECU 520 and the
transmission ECU 530 via signal lines in such a manner as to
allow two-way communication. The idle reduction ECU 510
is also connected via signal lines with a wheel speed sensor
820 that detects rotation speed Vr of the drive wheels 250, a
brake hydraulic pressure sensor 840 that detects a brake
hydraulic pressure P substantially proportional to an amount
of brake pedal operation and an accelerator position sensor
860 that detects an amount of accelerator pedal operation as
an accelerator opening. The brake hydraulic pressure sensor
840 corresponds to the “detector” in the claims.

The brake hydraulic pressure sensor 840 of the embodi-
ment detects a hydraulic pressure in a master cylinder (master
hydraulic pressure) but may be configured to detect a hydrau-
lic pressure other than the hydraulic pressure in the master
cylinder. The embodiment uses the brake hydraulic pressure
as a parameter having a positive correlation to the amount of
brake pedal operation. The automobile 10 may, however, be
configured to detect any arbitrary parameter other than the
brake hydraulic pressure, which is correlated to the amount of
brake pedal operation. For example, the automobile 10 may
have a brake stroke sensor that detects an amount of brake
pedal operation or a brake pedal force sensor that detects an
amount of brake pedal force, in place of the brake hydraulic
pressure sensor 840. The idle reduction ECU 510 is enabled to
calculate the vehicle speed V of the automobile 10 from the
rotation speed Vr detected by the wheel speed sensor 820 but
may be configured to obtain the vehicle speed V of the auto-
mobile 10 from a non-illustrated speed sensor.

The idle reduction ECU 510 stores a computer program,
which causes the CPU to perform idle reduction control, in
the ROM. The idle reduction ECU 510 changes the timing of
an engine stop after a vehicle stop according to a change in
amount of brake pedal operation during a deceleration period
Td (FIG. 2) prior to the vehicle stop in the idle reduction
control. More specifically, the idle reduction ECU 510
changes the timing of an engine stop after a vehicle stop
according to a change in brake hydraulic pressure P detected
by the brake hydraulic pressure sensor 840 during the decel-
eration period Td.

The engine ECU 520 is connected via signal lines with the
wheel speed sensor 820, the accelerator position sensor 860
and a non-illustrated engine rotation speed sensor. The engine
ECU 520 adjusts, for example, the amount of fuel injection
and the throttle opening based on the information detected by
these sensors, so as to control the operating conditions of the
engine 100. When the vehicle stops, the engine ECU 520
stops fuel injection to the engine 100 to stop the operation of
the engine 100, in response to a request from the idle reduc-
tion ECU 510. On a start of the vehicle, the engine ECU 520
controls the starter 300 or the alternator 350 to start the engine
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100, in response to a request from the idle reduction ECU 510.
The engine ECU 520 corresponds to the “engine controller”
in the claims.

The transmission ECU 530 is connected via signal lines
with the wheel speed sensor 802, the accelerator position
sensor 860 and a non-illustrated shift position sensor. The
transmission ECU 530 controls a non-illustrated hydraulic
actuator based on the information detected by these sensors,
so0 as to change the gear ratio of the automatic transmission
150.

FIG. 2 is a diagram illustrating the details of idle reduction
control. The idle reduction ECU 510 predicts whether a
vehicle stop time after the deceleration period Td is a long
time period (hereinafter referred to as “long-time vehicle
stop”) or a short time period (hereinafter referred to as “short-
time vehicle stop”), based on a brake pedal force-reducing
operation during the deceleration period Td before a stop of
the automobile 10. The brake pedal force-reducing operation
denotes the driver’s operation of reducing the brake pedal
force during deceleration.

In general, idle reduction control denotes control of stop-
ping the idle engine during deceleration or during stop of the
automobile for the purpose of reduction of fuel consumption.
When the vehicle stop time is short (for example, about 5
seconds), the amount of fuel consumption needed to restart
the engine may become greater than the amount of fuel con-
sumption reduced by stopping the engine, which results in
increasing the total amount of fuel consumption. A preferable
procedure of idle reduction control accordingly predicts
whether a vehicle stop after the deceleration period Td is a
long-time vehicle stop (for example, 10 seconds to several
minutes) or a short-time vehicle stop (for example, 5 seconds
or less) and stops the engine only in the case of a long-time
vehicle stop.

The long-time vehicle stop includes various vehicle stops
that need adjustment of the vehicle stop position to a specified
position, for example, a vehicle stop at a traffic light or a
vehicle stop for parking. The specified position herein means
a position specified, for example, by a white line on the road
or by another automobile in front. During the deceleration
period Td priorto a long-time vehicle stop, the driver controls
the braking distance to adjust the vehicle stop position to the
specified position. This causes an operation of temporarily
reducing the brake pedal force, i.e., the brake pedal force-
reducing operation.

The short-time vehicle stop, on the other hand, includes
stops that do not need adjustment of the vehicle stop position
to a specified position, for example, a vehicle stop in a traffic
jam or specifically a vehicle stop to adjust the speed of the
automobile to the conditions of external environments includ-
ing another automobile in front. During the deceleration
period Td prior to a short-time vehicle stop, there is basically
no need of brake pedal force-reducing operation, since the
driver applies the brake, for example, for the purpose of speed
adjustment. A fluctuation in amount of brake pedal operation
during deceleration may cause a brake pedal force-reducing
operation. Compared with the driver’s intentional brake pedal
force-reducing operation, however, this unintentional opera-
tion has a smaller reduction in brake pedal force (change in
brake pedal force before and after a release of the brake
pedal).

In consideration of the foregoing, the idle reduction control
of the embodiment uses the brake hydraulic pressure P sub-
stantially proportional to the amount of brake pedal operation
and predicts whether a vehicle stop is a long-time vehicle stop
or a short-time vehicle stop, based on a change (reduction) of
the brake hydraulic pressure P by the brake pedal force-
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reducing operation during the deceleration period Td. Upon
prediction of a long-time vehicle stop, the idle reduction
control stops the engine substantially simultaneously with the
vehicle stop. Upon prediction of a short-time vehicle stop, on
the other hand, the idle reduction control does not stop the
engine at the time of the vehicle stop. Even on prediction of a
short-time vehicle stop, when the vehicle does not start after
elapse of a certain time period, it is presumed that the stop of
the vehicle is a long-time vehicle stop. The idle reduction
control accordingly stops the engine after elapse of a prede-
termined time since the stop of the vehicle.

In order to calculate the change (reduction) of the brake
hydraulic pressure P by the brake pedal force-reducing opera-
tion during the deceleration period Td, the idle reduction
ECU 510 holds a maximum value of the brake hydraulic
pressure P detected by the brake hydraulic pressure sensor
840 as a maximum brake hydraulic pressure Pmax (FIG. 2).
The idle reduction ECU 510 also calculates a brake hydraulic
pressure difference AP (FIG. 2) which is a difference between
the brake hydraulic pressure P newly detected by the brake
hydraulic pressure sensor 840 and the stored maximum brake
hydraulic pressure Pmax. The idle reduction ECU 510 holds
a maximum value of the calculated brake hydraulic pressure
difference AP as a maximum brake hydraulic pressure difter-
ence APmax. The idle reduction ECU 510 predicts whether a
vehicle stop is a long-time vehicle stop or a short-time vehicle
stop, based on whether the maximum brake hydraulic pres-
sure difference APmax during the deceleration period Td is
greater than a predetermined value. The flow of'idle reduction
control according to this embodiment is described below with
reference to FIGS. 3 and 4.

FIGS. 3 and 4 are flowcharts illustrating a flow of idle
reduction control. The idle reduction ECU 510 performs the
routine of FIGS. 3 and 4 repeatedly at predetermined inter-
vals. The following description is on the assumption that the
automobile 10 is running. The idle reduction ECU 510 first
clears hold values (step S101). More specifically, the idle
reduction ECU 510 clears the hold values of the maximum
brake hydraulic pressure Pmax and the maximum brake
hydraulic pressure difference APmax (Amax=0, APmax=0).
Theidle reduction ECU 510 subsequently detects whether the
driver releases the accelerator pedal to make the state where
the accelerator pedal is released (hereinafter referred to as
“accelerator-OFF”) (step S102). The idle reduction control
ECU 510 detects an accelerator-OFF, based on the accelera-
tor position detected by the accelerator position sensor 860.

Upon no detection of an accelerator-OFF (step S102: NO),
i.e., upon detection of the state where the accelerator pedal is
stepped on (hereinafter referred to as “accelerator-ON™)
based on the accelerator position detected by the accelerator
position sensor 860, it is contemplated that the automobile 10
is running and does not enter the deceleration period Td (FIG.
2). The idle reduction ECU 510 accordingly repeats steps
S101 and S102 until detection of an accelerator-OFF.

Upon detection of an accelerator-OFF (step S102: YES), it
is contemplated that the automobile 100 enters the decelera-
tion period Td. The idle reduction ECU 510 accordingly
detects a change in brake hydraulic pressure P by the brake
pedal force-reducing operation. More specifically, the idle
reduction ECU 510 determines whether the brake hydraulic
pressure P detected by the brake hydraulic pressure sensor
840 is greater than the hold value of the maximum brake
hydraulic pressure Pmax (step S103).

When the detected brake hydraulic pressure P is greater
than the hold value of the maximum brake hydraulic pressure
Pmax (step S103: YES), the idle reduction ECU 510 updates
the maximum brake hydraulic pressure Pmax by the detected
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brake hydraulic pressure P (step S104). When the detected
brake hydraulic pressure P is equal to or less than the hold
value of the maximum brake hydraulic pressure Pmax (step
S103: NO), on the other hand, the idle reduction ECU 510
skips the process of step S104. The idle reduction ECU 510
subsequently calculates the brake hydraulic pressure differ-
ence AP and determines whether the calculated brake hydrau-
lic pressure difference AP is greater than the hold value of the
maximum brake hydraulic pressure difference APmax (step
S105). The brake hydraulic pressure difference AP is a value
obtained by subtracting the brake hydraulic pressure P
detected at step S103 from the maximum brake hydraulic
pressure Pmax (AP=Pmax-P). This brake hydraulic pressure
difference AP denotes a change of the brake hydraulic pres-
sure P by the brake pedal force-reducing operation during the
deceleration period Td.

When the calculated brake hydraulic pressure difference
AP is greater than the hold value of the maximum brake
hydraulic pressure difference APmax (step S105: YES), the
idle reduction ECU 510 updates the maximum brake hydrau-
lic pressure difference APmax by the calculated brake
hydraulic pressure difterence AP (step S106). When the cal-
culated brake hydraulic pressure difference AP is equal to or
less than the hold value of the maximum brake hydraulic
pressure difference APmax (step S105: NO), on the other
hand, the idle reduction ECU 510 skips the process of step
S106. The idle reduction ECU 510 subsequently detects an
accelerator-ON, based on the accelerator position detected by
the accelerator position sensor 860 (step S107).

Upon detection of an accelerator-ON (step S107: YES), it
is contemplated that the automobile 10 temporarily enters the
deceleration period Td but the deceleration is not for the
purpose of stopping the vehicle. The idle reduction ECU 510
accordingly clears the hold values (Pmax=0, APmax=0) (step
S101) and subsequently detects an accelerator-OFF again
(step S102). Upon no detection of an accelerator-ON (step
S107: NO), on the other hand, it is contemplated that the
automobile 10 continues the deceleration period Td since the
accelerator is kept OFF. The idle reduction ECU 510 accord-
ingly determines whether or not the automobile 10 stops (step
S108). The idle reduction ECU 510 uses the rotation speed Vr
of the drive wheels 250 detected by the wheel speed sensor
820 to determine whether or not the automobile 10 stops.

When the automobile 10 does not stop (step S108: NO), it
is contemplated that the automobile 10 is still during decel-
eration and there is a possibility that the driver performs a
brake pedal force-reducing operation again. The process flow
accordingly returns to step S103 and detects the maximum
brake hydraulic pressure APmax by the brake pedal force-
reducing operation (steps S103 to S106). When the automo-
bile 10 stops (step S108: YES), on the other hand, it is con-
templated that the deceleration period Td is terminated. The
idle reduction ECU 510 then determines whether the maxi-
mum brake hydraulic pressure difference APmax by the brake
pedal force-reducing operation during the deceleration period
Td is greater than a threshold value X1 (step S109 in FIG. 4).
The threshold value X1 (for example, X1=0.5 MPa) is set
arbitrarily and stored in advance in the ROM of the idle
reduction ECU 510.

When the maximum brake hydraulic pressure APmax is
equal to or less than the threshold value X1 (step S109: NO),
the stop of the automobile 10 is predicted as a short-time
vehicle stop. The idle reduction ECU 510 accordingly pro-
hibits the engine 100 from being stopped until elapse of a
waiting time Tw (for example, Tw=1to 9 seconds) (step S110:
NO). After elapse of the waiting time Tw (step S110: YES),
the idle reduction ECU 510 determines whether engine stop
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conditions for allowing the engine 100 to stop are satisfied
(step S111). As a result of determination, when the automo-
bile 10 satisfies the engine stop conditions (step S111: YES),
the idle reduction ECU 510 stops the engine 100 (step S112).
As described above, the idle reduction ECU 510 delays a stop
of'the engine 100 after a stop of the vehicle, when the stop of
the automobile 10 is predicted as a short-time vehicle stop.
More specifically, the idle reduction ECU 510 keeps the
engine 100 idle until elapse of a waiting time Tw after a stop
of the automobile 10 and subsequently stops the engine 100.
The waiting time Tw is set arbitrarily. The waiting time Tw
corresponds to the “predetermined time” in the claims.

The engine stop conditions at step S111 are conditions to
allow the engine 100 to stop and are set arbitrarily. The engine
stop conditions may be, for example, that the gearshift posi-
tion is in a specified range, the battery 400 has a sufficient
capacity, and the brake is ON. In order to stop the engine 100,
at step S112, the idle reduction ECU 510 requests the engine
ECU 520 to stop the engine 100. When receiving the request,
the engine ECU 520 cuts off the supply of fuel to the engine
100 to stop the engine 100.

The description goes back to step S109. When the maxi-
mum brake hydraulic pressure difference APmax is greater
than the threshold value X1 (step S109: YES), the stop of the
automobile 10 is predicted as a long-time vehicle stop. The
idle reduction ECU 510 accordingly determines whether the
engine stop conditions are satisfied (step S111) without any
delay time. As a result of determination, when the automobile
10 satisfies the engine stop conditions (step S111: YES), the
idle reduction ECU 510 stops the engine 100 (step S112). As
described above, the idle reduction ECU 510 stops the engine
100 substantially simultaneously with the stop of the auto-
mobile 10, when the stop of the automobile 10 is predicted as
a long-time vehicle stop.

After the engine 100 stops, the idle reduction ECU 510
keeps the engine 100 stopped until detection of the driver’s
starting operation (step S113: NO). The starting operation
denotes an operation performed by the driver to start the
automobile 10, for example, a brake-OFF, an accelerator-ON
and a change in gearshift position. When detecting a starting
operation (step S113: YES), the idle reduction ECU 510
restarts the engine 100 (step S114). More specifically, the idle
reduction ECU 510 requests the engine ECU 520 to restart the
engine 100. When receiving the request, the engine ECU 520
drives the starter 300 or the alternator 350 to restart the engine
100. The process flow then returns to step S101.

When the engine stop conditions are not satisfied at step
S111 (step S111: NO), the idle reduction ECU 510 deter-
mines whether the engine stop conditions are satisfied (step
S111) until detection of the driver’s starting operation (step
S115: NO). When the driver’s starting operation is detected
(step S115: YES) during this process, the process flow returns
to step S101. This is the flow of idle reduction control.

The electronic control unit 500 of the embodiment
described above stops the engine 100 after elapse of the
waiting time Tw since a stop of the automobile 10, when a
change of the brake hydraulic pressure P (maximum brake
hydraulic pressure difference APmax) during the deceleration
period Td prior to the stop of the automobile 10 is less than the
predetermined value (threshold value X1). This improves fuel
consumption of the automobile 10. As described above, it is
contemplated that the change (reduction) of the brake hydrau-
lic pressure P during the deceleration period Td has a positive
correlation to the subsequent vehicle stop time. When the stop
of'the vehicle is predicted as a long-time vehicle stop based on
the maximum brake hydraulic pressure difference APmax,
the electronic control unit 500 immediately stops the engine
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after a stop of the vehicle, thus reducing fuel consumption
during the stop of the vehicle. When the stop of the vehicle is
predicted as a short-time vehicle stop, on the other hand, the
electronic control unit 500 does not stop the engine but keeps
the engine idle, thus eliminating fuel consumption needed for
arestart and reducing an increase in fuel consumption. In rare
cases, even when the maximum brake hydraulic pressure
difference APmax during the deceleration period Td is less
than the predetermined value, the actual vehicle stop may
become a long-time vehicle stop. The idle reduction control
of the embodiment stops the engine 100 after elapse of the
waiting time Tw since a stop of the vehicle, when the stop of
the vehicle is predicted as a vehicle short-time stop. In the
case of a short-time vehicle stop when the actual vehicle stop
time is less than the waiting time Tw, the idle reduction
control causes the engine to be kept idle. In the case of a
long-time vehicle stop when the actual vehicle stop time
exceeds the waiting time Tw, on the other hand, the idle
reduction control causes the engine to be stopped after the
waiting time. Even when the actual vehicle stop is a long-time
vehicle stop, such control reduces unnecessary idling and
improves fuel consumption.

The technology of identifying the need for idle reduction at
the time of a stop of the automobile has been known in the
prior art. For example, a known technique detects the own
vehicle position using a sensor or GPS and identifies whether
the own vehicle position is a location that needs idle reduction
during a vehicle stop (for example, JP 2007-100625A and JP
2009-097944A). For detection of the own vehicle position,
however, there is a need to install the sensor or the GPS in the
automobile, separately from the ECU performing the general
idle reduction control. This disadvantageously increases the
cost. The configuration of the embodiment is, however,
implemented by the ECU performing the general idle reduc-
tion control by simply changing the details of the idle reduc-
tion control. The configuration of the embodiment is thus
implemented at a low cost.

B. Second Embodiment

A second embodiment describes a configuration of predict-
ing whether a vehicle stop is a long-time vehicle stop or a
short time vehicle stop, based on the intensity of brake pedal
operation during the deceleration period Td in the idle reduc-
tion control. The general configuration of the automobile 10
is identical with that of the first embodiment and is thus not
specifically described here.

FIG. 5 is a diagram illustrating the details of idle reduction
control according to the second embodiment. The idle reduc-
tion ECU 510 predicts whether a vehicle stop is a long-time
vehicle stop or a short-time vehicle stop, based on the mag-
nitude of the maximum brake hydraulic pressure Pmax dur-
ing the deceleration period Td. As described above, the long-
time vehicle stop includes various vehicle stops that need
adjustment of the vehicle stop position to a specified position,
for example, a vehicle stop at a traffic light or a vehicle stop
for parking During the deceleration period Td prior to a
long-time vehicle stop, the driver gradually decelerates the
vehicle while adjusting the vehicle stop position to the speci-
fied position. The driver thus basically does not perform an
intense brake pedal operation.

The short-time vehicle stop, on the other hand, includes
stops that do not need adjustment of the vehicle stop position
to a specified position, for example, a vehicle stop in a traffic
jam or specifically a vehicle stop to adjust the speed of the
automobile to the conditions of external environments includ-
ing another automobile in front. During the deceleration
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period Td prior to a short-time vehicle stop, the driver often
performs a relatively intense brake pedal operation, for
example, for the purpose of speed adjustment. In consider-
ation of the foregoing, the idle reduction control of the second
embodiment predicts whether a vehicle stop is a long-time
vehicle stop or a short-time vehicle stop, based on whether the
maximum brake hydraulic pressure Pmax during the decel-
eration period Td is greater than a predetermined value. The
process flow after the prediction is the same as that in the idle
reduction control of the first embodiment. The idle reduction
ECU 510 holds a maximum value of the brake hydraulic
pressure P detected by the brake hydraulic pressure sensor
840 as a maximum brake hydraulic pressure Pmax (FIG. 5).
The flow of idle reduction control according to this embodi-
ment is described below with reference to FIGS. 6 and 7.

FIGS. 6 and 7 are flowcharts illustrating a flow of idle
reduction control according to the second embodiment. The
following describes differences from the idle reduction con-
trol explained in the first embodiment. At step S201, the idle
reduction ECU 510 clears the hold value of the maximum
brake hydraulic pressure Pmax (Pmax=0) (step S201). Unlike
the first embodiment, the idle reduction ECU 510 does not
need to hold the maximum brake hydraulic pressure differ-
ence APmax. The processing of steps S202 to S206 is iden-
tical with the processing of steps S102 to S104, S107 and
S108 of the first embodiment. The idle reduction control of
the second embodiment does not need to perform the process-
ing of step S105 and S106 of the first embodiment.

At step S207, the idle reduction ECU 510 determines
whether the maximum brake hydraulic pressure Pmax by the
brake pedal operation during the deceleration period Td is
less than a threshold value X2 (step S207 in FIG. 7). The
threshold value X2 (for example, X2=1.0 [MPa]) is set arbi-
trarily and is stored in advance in the ROM of the idle reduc-
tion ECU 510.

When the maximum brake hydraulic pressure Pmax is
equal to or greater than the threshold value X2 (step S207:
NO), a stop of the automobile 10 is predicted as a short-time
vehicle stop. The idle reduction ECU 510 accordingly delays
a stop of the engine 100 after the vehicle stop by the waiting
time Tw (steps S208 to S210). When the maximum brake
hydraulic pressure Pmax is less than the threshold value X2
(step S207: YES), on the other hand, a stop of the automobile
10 is predicted as a long-time vehicle stop. The idle reduction
ECU 510 accordingly stops the engine 100 substantially
simultaneously with the stop of the automobile 10 without
any delay time (steps S209 and S210). The processing after
the stop of the engine 100 (steps S211 and S212) and the
processing when the engine stop conditions are not satisfied
(step S213) are identical with the processing of steps S102 to
S104, S107 and S108 ofthe first embodiment. This is the flow
of idle reduction control according to the second embodi-
ment.

C. Third Embodiment

A third embodiment describes a configuration of predict-
ing whether a vehicle stop is a long-time vehicle stop or a
short time vehicle stop, based on the intensity of brake pedal
operation immediately before a stop of the automobile 10 in
the idle reduction control. The general configuration of the
automobile 10 is identical with that of the first embodiment
and is thus not specifically described here.

FIG. 8 is a diagram illustrating the details of idle reduction
control according to the third embodiment. The idle reduction
ECU 510 predicts whether a vehicle stop is a long-time
vehicle stop or a short-time vehicle stop, based on the mag-
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nitude of the maximum brake hydraulic pressure Pmax
immediately before a stop of the automobile 10. As described
above, the long-time vehicle stop includes various vehicle
stops that need adjustment of the vehicle stop position to a
specified position. During the deceleration period Td prior to
a long-time vehicle stop, the driver gradually decelerates the
vehicle while adjusting the vehicle stop position to the speci-
fied position. The driver thus basically does not perform an
intense brake pedal operation immediately before such a
vehicle stop.

The short-time vehicle stop, on the other hand, includes a
vehicle stop to adjust the speed of the automobile to the
conditions of external environments including another auto-
mobile in front, far example, a vehicle stop in a traffic jam.
During the deceleration period Td prior to a short-time
vehicle stop, the driver often performs a relatively intense
brake pedal operation immediately before the vehicle stop. In
consideration of the foregoing, the idle reduction control of
the third embodiment predicts whether a vehicle stop is a
long-time vehicle stop or a short-time vehicle stop, based on
whether the maximum brake hydraulic pressure Pmax is
greater than a predetermined value when the vehicle speed V
decreases to a low speed of or below a specified speed Z (FIG.
8) during the deceleration period Td. The process flow after
the prediction is the same as that in the idle reduction control
of'the first embodiment. The idle reduction ECU 510 holds a
maximum value of the brake hydraulic pressure P detected by
the brake hydraulic pressure sensor 840 as a maximum brake
hydraulic pressure Pmax (FIG. 8). The flow of idle reduction
control according to this embodiment is described below with
reference to FIGS. 9 and 10.

FIGS. 9 and 10 are flowcharts illustrating a flow of idle
reduction control according to the third embodiment. The
following describes differences from the idle reduction con-
trol explained in the first embodiment. At step S301, the idle
reduction ECU 510 clears the hold value of the maximum
brake hydraulic pressure Pmax (Pmax=0) (step S301). Unlike
the first embodiment, the idle reduction ECU 510 does not
need to hold the maximum brake hydraulic pressure differ-
ence APmax. The processing of step S302 is identical with the
processing of step S102 of the first embodiment. At step S303,
the idle reduction ECU 510 determines whether the vehicle
speed V of the automobile 10 decreases below a threshold
value Z (step S303). In other words, it is determined whether
the automobile 10 is in the state immediately before a vehicle
stop. The threshold value Z (for example, Z=10 km/h) is set
arbitrarily and is stored in advance in the ROM of the idle
reduction ECU 510. The vehicle speed V may be calculated
from the rotation speed Vr detected by the wheel speed sensor
820 or may be detected by a non-illustrated speed sensor.

When the vehicle speed V is lower than the threshold value
Z (step S303: YER), it is expected that the automobile 10 is in
the state immediately before a vehicle stop. The idle reduction
ECU 510 then determines whether the brake hydraulic pres-
sure P detected by the brake hydraulic pressure sensor 840 is
greater than the hold value of the maximum brake hydraulic
pressure Pmax (step S304). When the detected brake hydrau-
lic pressure P is greater than the maximum brake hydraulic
pressure Pmax (step S304: YES), the idle reduction ECU 510
updates the maximum brake hydraulic pressure Pmax (step
S305). When the detected brake hydraulic pressure P is equal
to or less than the maximum brake hydraulic pressure Pmax
(step S304: NO), on the other hand, the idle reduction ECU
510 skips the processing of step S305.

At step S303, when the vehicle speed V is equal to or higher
than the threshold value Z (step S303: NO), on the other hand,
it is expected that the automobile 10 is not in the state imme-
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diately before a vehicle stop. The idle reduction ECU 510
accordingly skips the processing of step S304. The process-
ing of steps S306 and S307 is identical with the processing of
steps S107 and S108 of the first embodiment. At step S308,
the idle reduction ECU 510 determines whether the hold
value of the maximum brake hydraulic pressure Pmax is less
than a threshold value X3 (step S308 in FIG. 10). The thresh-
old value X3 (for example, X3=1.0 MPa) is set arbitrarily and
is stored in advance in the ROM of the idle reduction ECU
510.

When the maximum brake hydraulic pressure Pmax is
equal to or greater than the threshold value X3 (step S308:
NO), a stop of the automobile 10 is predicted as a short-time
vehicle stop. The idle reduction ECU 510 accordingly delays
a stop of the engine 100 after the vehicle stop by the waiting
time Tw (steps S309 to S311). When the maximum brake
hydraulic pressure Pmax is less than the threshold value X3
(step S308: YES), on the other hand, a stop of the automobile
10 is predicted as a long-time vehicle stop. The idle reduction
ECU 510 accordingly stops the engine 100 substantially
simultaneously with the stop of the automobile 10 without
any delay time (steps S310 and 311). The processing of steps
S312 to S314 is identical with the processing of steps S113 to
S115 of the first embodiment. This is the flow of idle reduc-
tion control according to the third embodiment.

D. Fourth Embodiment

FIG. 11 is a diagram illustrating the general configuration
of an automobile according to a fourth embodiment. The
fourth embodiment describes a configuration of predicting
whether a vehicle stop is a long-time vehicle stop or a short-
time vehicle stop, based on the intensity of brake pedal opera-
tionimmediately before a stop of the automobile 10 in the idle
reduction control. The automobile 11 of the fourth embodi-
ment differs from the automobile 10 of the first embodiment
(FIG.1) by additionally providing an acceleration sensor 880
to detect an acceleration G in the longitudinal direction of the
automobile 11. The idle reduction ECU 510 is connected with
the acceleration sensor 880 via a signal line.

FIG. 12 is a diagram illustrating the details of idle reduc-
tion control according to the fourth embodiment. The idle
reduction ECU 510 predicts whether a vehicle stop is a long-
time vehicle stop or a short-time vehicle stop, based on the
magnitude of the acceleration G detected by the acceleration
sensor 880 immediately before a stop of the automobile 10.
As described above, the long-time vehicle stop includes vari-
ous vehicle stops that need adjustment of the vehicle stop
position to a specified position. During the deceleration
period Td prior to a long-time vehicle stop, the driver gradu-
ally decelerates the vehicle while adjusting the vehicle stop
position to the specified position. This basically does not
increase the absolute value of the negative acceleration (<0).

The short-time vehicle stop, on the other hand, includes a
vehicle stop to adjust the speed of the automobile to the
conditions of external environments including another auto-
mobile in front, for example, a vehicle stop in a traffic jam.
During the deceleration period Td prior to a short-time
vehicle stop, the driver often performs an intense brake pedal
operation, for example, for the purpose of speed adjustment.
This leads to a relative increase in absolute value of the
negative acceleration. In consideration of the foregoing, the
idle reduction control of the fourth embodiment predicts
whether a vehicle stop is a long-time vehicle stop or a short-
time vehicle stop, based on whether the absolute value of the
acceleration G (<0) is greater than a predetermined value
when the vehicle speed V decreases to alow speed of or below
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a specified speed Z (FIG. 12) during the deceleration period
Td. The process flow after the prediction is the same as that in
the idle reduction control of the first embodiment. The idle
reduction ECU 510 holds a minimum value (<0) of the accel-
eration G detected by the acceleration sensor 880 as a mini-
mum acceleration Gmin (FIG. 12). The flow of idle reduction
control according to this embodiment is described below with
reference to FIGS. 13 and 14.

FIGS. 13 and 14 are flowcharts illustrating a flow of idle
reduction control according to the fourth embodiment. The
following describes differences from the idle reduction con-
trol explained in the first embodiment. At step S401, the idle
reduction ECU 510 clears the hold value of the minimum
acceleration Gmin (Gmin=0) (step S401). The processing of
step S402 is identical with the processing of step S102 of the
first embodiment. At step S403, the idle reduction ECU 510
determines whether the vehicle speed V of the automobile 10
decreases below a threshold value Z (step S403). The thresh-
old value Z is set arbitrarily.

When the vehicle speed V is lower than the threshold value
Z (step S403: YES), it is expected that the automobile 10 is in
the state immediately before a vehicle stop. The idle reduction
ECU 510 then determines whether the acceleration G (<0)
detected by the acceleration sensor 880 is less than the hold
value of the minimum acceleration Gmin (step S404). When
the detected acceleration G is less than the minimum accel-
eration Gmin (step S404: YES), the idle reduction ECU 510
updates the minimum acceleration Gmin (step S405). When
the detected acceleration G is equal to or greater than the
minimum acceleration Gmin (step S404: NO), on the other
hand, the idle reduction ECU 510 skips the processing of step
S405.

At step S403, when the vehicle speed V is equal to or higher
than the threshold value Z (step S403: NO), on the other hand,
it is expected that the automobile 10 is not in the state imme-
diately before a vehicle stop. The idle reduction ECU 510
accordingly skips the processing of step S404. The process-
ing of steps S406 and S407 is identical with the processing of
steps S107 and S108 of the first embodiment. At step S408,
the idle reduction ECU 510 determines whether the hold
value of the minimum acceleration Gmin is greater than a
threshold value X4 (step S408 in FIG. 14). The threshold
value X4 (for example, X4=0.5 m/s?) is set arbitrarily and is
stored in advance in the ROM of the idle reduction ECU 510.

When the minimum acceleration Gmin is equal to or less
than the threshold value X4 (step S408: NO), a stop of the
automobile 10 is predicted as a short-time vehicle stop. The
idle reduction ECU 510 accordingly delays a stop of the
engine 100 after the vehicle stop by the waiting time Tw (steps
S409 to S411). When the maximum brake hydraulic pressure
Pmax is greater than the threshold value X4 (step S408: YES),
on the other hand, a stop of the automobile 10 is predicted as
along-time vehicle stop. The idle reduction ECU 510 accord-
ingly stops the engine 100 substantially simultaneously with
the stop of the automobile 10 without any delay time (steps
S410 and 411). The processing of steps S412 to S414 is
identical with the processing of steps S113 to S115 of the first
embodiment. This is the flow ofidle reduction control accord-
ing to the fourth embodiment.

E. Modifications

The present invention is not limited to the embodiments or
aspects described above but may be implemented by various
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other aspects within the scope of the invention. Some
examples of possible modifications are given below.

E-1. Modification 1

According to the first embodiment, the idle reduction ECU
510 determines whether the automobile 10 stops at step S108
in idle reduction control (FIG. 3). Alternatively, the idle
reduction ECU 510 may be configured to determine whether
the speed of the automobile 10 is reduced to or below a
predetermined speed (>0). In other words, the idle reduction
ECU 510 may stop the engine 100 in the state where the
automobile 10 does not stop. In this modification, at step
S110, the idle reduction ECU 510 may define the waiting time
Tw as a time elapsed since the speed of the automobile 10
goes down to the predetermined speed or may define as a time
elapsed since a vehicle stop. The same applies to the idle
reduction controls of the second to the fourth embodiments.

E-2. Modification 2

According to the first embodiment, when a stop of the
automobile 10 is predicted as a long-time vehicle stop at step
S109 in idle reduction control (FIG. 4), the idle reduction
control stops the engine 100 substantially simultaneously
with the stop of the automobile 10. One modification may
provide a waiting time between a stop of the automobile 10
and a stop of the engine 100 even upon prediction of a long-
time vehicle stop. This waiting time is preferably shorter than
the waiting time Tw upon prediction of a short-time vehicle
stop. This modification stops the engine earlier upon predic-
tion of a long-time vehicle stop than that upon prediction of a
short-time vehicle stop. This improves fuel consumption. The
same applies to the idle reduction controls of the second to the
fourth embodiments.

E-3. Modification 3

In the idle reduction control of the first embodiment, the
method of detecting the change in brake hydraulic pressure P
by the brake pedal force-reducing operation is not limited to
the processing of steps S103 to S106 of the embodiment. For
example, the idle reduction ECU 510 may obtain the brake
hydraulic pressure P from the brake hydraulic pressure sensor
840 and define a difference between two temporally consecu-
tive detection results as the brake hydraulic pressure differ-
ence AP. Alternatively a change in brake hydraulic pressure P
per unit time may be defined as the brake hydraulic pressure
difference AP.

E-4. Modification 4

The idle reduction control of the first embodiment returns
the process flow to step S101 to clear the hold values, upon no
detection of an accelerator-OFF at step S102 (FIG. 3) (step
S102: NO) or upon detection of an accelerator-ON at step
S107 (step S107: YES). A modification may return the pro-
cess flow to step S102 and does not clear the hold values. This
achieves a configuration of not clearing the hold values in the
event of the driver’s temporary accelerator pedal operation
during the deceleration period Td.

E-5. Modification 5

According to the first embodiment, the idle reduction con-
trol determines whether the engine stop conditions are satis-
fied at step S111 (FIG. 4). A modification may omit the
processing of step S111.
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E-6. Modification 6

The above embodiments describe the configuration of
using the brake hydraulic pressure P or the acceleration G as
the parameter having a positive correlation to the amount of
brake pedal operation. The automobile 10 may, however, be
configured to detect any parameter other than the brake
hydraulic pressure, which is related to the amount of brake
pedal operation. For example, the automobile 10 may use an
amount of brake pedal operation L detected by a brake stroke
sensor or the magnitude or a change in brake pedal force F
detected by a brake pedal force sensor, in place of the brake
hydraulic pressure P.

E-7. Modification 7

According to the embodiments described above, the wait-
ing time Tw is set as a fixed time. A modified configuration
may change the waiting time Tw according to, for example,
the maximum brake hydraulic pressure difference APmax,
the maximum brake hydraulic pressure Pmax or the mini-
mum acceleration Gmin. For example, the idle reduction
ECU 510 may be configured to provide a correspondence
table of the waiting time Tw to the maximum brake hydraulic
pressure difference APmax. The idle reduction ECU 510 may
calculate the maximum brake hydraulic pressure difference
APmax and subsequently refer to the correspondence table to
determine the waiting time Tw.

E-8. Modification 8

The embodiments illustrate the automobile 10 as an
example of the vehicle. The vehicle is, however, not limited to
the automobile but may be other than an automobile, for
example, a train. The automobile 10 includes the automatic
transmission 150 according to the above embodiments, but
alternatively the automobile 10 may include a manual trans-
mission.

E-9. Modification 9

Part of the functions implemented by the software accord-
ing to the above embodiments may be implemented by hard-
ware (for example, integrated circuit), or part of the functions
implemented by hardware may be implemented by software.

REFERENCE SIGNS LIST

10,11 Automobile

100 Engine

150 Automatic transmission
200 Differential gear

250 Drive wheels

300 Starter

340 Drive mechanism

350 Alternator

400 Battery

450 Auxiliary machinery

500 Electronic control unit

510 Idle reduction ECU

520 Engine ECU

530 Transmission ECU

820 Wheel speed sensor

840 Brake hydraulic pressure sensor
860 Accelerator position sensor
880 Acceleration sensor
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The invention claimed is:
1. An idle reduction control device mounted on a vehicle
equipped with an engine and a brake, comprising:
a detector that detects a parameter having a positive corre-
lation to an amount of brake operation; and
an engine controller that controls a start and a stop of the
engine,
wherein the engine controller stops the engine after a stop
of'the vehicle, when a reduction of the parameter caused
by a release of the brake is equal to or greater than a
predetermined value during a deceleration period before
the stop of the vehicle, and
wherein the engine controller prohibits the engine from
being stopped after the stop of the vehicle and eliminates
the prohibition after elapse of a predetermined time,
when the reduction of the parameter is less than the
predetermined value during the deceleration period.
2. The idle reduction control device according to claim 1,
wherein
the parameter is a brake hydraulic pressure, and
the engine controller stops the engine after the stop of the
vehicle, when a reduction of the brake hydraulic pres-
sure caused by the release of the brake is equal to or
greater than a predetermined value, during the decelera-
tion period.
3. The idle reduction control device according to claim 2,
wherein
the engine controller stops the engine after the stop of the
vehicle, when a difference between a brake hydraulic
pressure detected by the detector and a maximum value
of brake hydraulic pressures detected prior to the
detected brake hydraulic pressure during the decelera-
tion period is equal to or greater than a predetermined
value.
4. An idle reduction control device mounted on a vehicle
equipped with an engine and a brake, comprising:
a detector that detects a brake hydraulic pressure having a
positive correlation to an amount of brake operation; and
an engine controller that controls a start and a stop of the
engine,
wherein the engine controller stops the engine after a stop
of the vehicle, when a maximum value of the brake
hydraulic pressure caused by the brake operation is
equal to or less than a predetermined value during a
deceleration period before the stop of the vehicle, and
wherein the engine controller prohibits the engine from
being stopped after the stop of the vehicle and eliminates
the prohibition after elapse of a predetermined time
when the maximum value of the brake hydraulic pres-
sure is greater than the predetermined value during the
deceleration period.
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5. An idle reduction control device mounted on a vehicle
equipped with an engine and a brake, comprising:
a detector that detects a brake hydraulic pressure having a
positive correlation to an amount of brake operation; and
an engine controller that controls a start and a stop of the
engine,
wherein the engine controller stops the engine after a stop
of the vehicle, when a maximum value of the brake
hydraulic pressure caused by the brake operation is
equal to or less than a predetermined value in a state
where a vehicle speed of the vehicle decreases below a
specified value during a deceleration period before the
stop of the vehicle, and
where the engine controller prohibits the engine from
being stopped after the stop of the vehicle and eliminate
the prohibition after elapse of a predetermined time,
when the maximum value of the brake hydraulic pres-
sure is greater than the predetermined value in the state
where that the vehicle speed of the vehicle decreases
below the specified value during the deceleration period.
6. A vehicle equipped with an engine and a brake, com-
prising:
a detector that detects a parameter having a positive corre-
lation to an amount of brake operation; and
an engine controller that controls a start and a stop of the
engine,
wherein the engine controller stops the engine after a stop
of the vehicle, when a reduction of the parameter caused
by a release of the brake is equal to or greater than a
predetermined value during a deceleration period before
the stop of the vehicle, and
wherein the engine controller prohibits the engine from
being stopped after the stop of the vehicle and eliminates
the prohibition after elapse of a predetermined time,
when the reduction of the parameter is less than the
predetermined value during the deceleration period.
7. A vehicle control method of controlling a vehicle
equipped with an engine and a brake, comprising:
(a) detecting a parameter having a positive correlation to an
amount of brake operation; and
(b) stopping the engine after a stop of the vehicle, when a
reduction of the parameter caused by a release of the
brake is equal to or greater than a predetermined value
during a deceleration period before the stop of the
vehicle, or
prohibiting the engine from being stopped after the stop of
the vehicle and eliminating the prohibition after elapse
of a predetermined time, when the reduction of the
parameter is less than the predetermined value during
the deceleration period.
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